Introduction
Physical growth and hormonal changes in adolescence are characterized by the development of secondarysex characteristics, adolescent growth spurt and marked elevation of gonadotropin and sex steroid levels. The growth curve of the healthy subject indicates that height velocity gradually decreases during late childhood and comes to minimal pre-spurt height velocity (MHV), then the height velocity curve shows an upward turn which is called the adolescent growth spurt. Within 2-3 years it comes to peak height velocity (PHV). Average ages at minimal pre-spurt height velocity and peak height velocity in Japanese boys are 10.5 and 13 years and those in the girls are 9 and 11 years, respectively.
Serum gonadotropins
and sex steroids In healthy boys serum levels of LH and FSH start to rise from age 10.5 and show a 2-fold increase by 14.5 years of age. Plasma testosterone levels remain low until age 10.5 with a mean or 0.15ng/ml and rise rapidly between age 11 and 13 [1] . In girls LH, FSH and estradiol start to rise from age 9.5. In these healthy boys and girls the increasing phase of the gonadotropin levels and sex steroids matches with the period from MHV to PHV (Figure 1 ).
It has been described that the enlargement of tests in the male and the budding of breasts in the female are the first physical changes in puberty [2] . This seems correct if only physical changes are considered. How- Height velocity and secondary sex characteristics
In our clinic children with normal variant short stature have been studied for growth and hormonal changes [3]. Longitudinal observations made it possible to correct individual differences by the age at the minimal pre-spurt height velocity (MHV) and the peak height velocity (PHV). In boys IGF-I, testosterone, testicular size and LH showed remarkable increases during the period from MHV to PHV. It should be pointed out that the serum LH level was already increased at the age of MHV, but the serum testosterone and testicular volume showed only a slight rise at this age. Testosterone values ranged from 0.20 to 0.40ng/ml and testicular volume ranged from 3 to 5ml (Figure 2) . The girls showed similar changes during the period from the MHV to PHV. Breast development, the budding of breasts, was not observed at the age of MHV. It appeared at age around the mean of MHV and PHV (Figure 3) .
The period from MHV to PHV, which is the increasing phase of height velocity, was consistent with the increasing phase of IGF- gressively with advancing age (Figure 4) . Because of these episodic peaks and circadian rhythm, studies on the mean 24-hour concentration of gonadotropins are the essential means for detecting small changes in the serum levels of the hormones.
Since gonadotropins, testosterone and IGF-I start to rise around the age at minimal pre-spurt-height velocity, it seems important to know if there are any small changes in the hormonal levels at the same time.
During our follow up observation, 24-hour secretory profiles of gonadotropins and testosterone were stuided in 37 boys with normal variant short stature [4]. They were divided into 4 groups (groups I, II,III and IV) according to their testicular size. Then group I, testicular size less than 3ml, was further divided (Table 1 and 2). If the testicular size came to 3ml or more within a year, they were grouped as ID; between 1 to 2 years, they were grouped as IC. If it was more than 2 years until the testicular size became 3ml and the age was 7 or more, they were grouped as IB. Aged less than 7 years, they were grouped as IA.
Twenty-four hour profiles of LH and testosterone in each group are shown in Figure 5 . All sbujects in this study showed definite circadian rhythm, without exception. Serum levels of LH and testosterone during the night were higher than during the day. The concentrations became increasingly higher with increasing testicular volume. Marked increases in serum LH levels were observed between the groups IC and ID. On the other hand, no essential difference in the testosterone levels was observed between the two groups.
Definite increases in testosterone levels were observed in the groups with a testicular size of 3ml or more. The increase in testosterone concentration occurred later than the increase in LH.
What is the earliest event indicating the onset of puberty?
The above changes in serum levels of LH, FSH and testosterone were more clearly shown in the mean concentration of a 24-hour period ( Figure 6 ). The 24-hour mean concentrations of LH and FSH were fairly stable in groups IA, IB and IC. Increase in the LH and FSH levels were observed between the groups IC and ID. This means that the serum gonadotropin levels started to increase one year before the testicular volume came to 3ml. This increase in the serum LH and FSH levels is the first event indicating the onset of puberty. Immediately after this, minimal prespurt height velocity was attained, which was the second event. Next, the testicular size increased to 3ml or more and the serum testosterone started to increase, which were the definite signs of puberty.
